Probitics and antibiotics are all used as growth promoters in domestic animal breeding and poultry raising. In the present study, the effects of probiotics and antibiotics on structure and diversity of the intestinal microflora of broiler 817 was investigated. Ammonia and sulfured hydrogen in fecal were detected. Then the intestinal microflora was analyzed by the pour plate method and polymerase chain reaction-denaturing gradient gel electrophoresis (PCR-DGGE) analysis. The results showed that the probiotics used significantly reduced the fecal emission of ammonia and sulfured hydrogen in broilers, and increased the number of lactic acid bacteria whereas antibiotics reduced it. Diversity analysis of cecal microflora by PCR-DGGE DNA fingerprinting revealed that the richness and variety of microflora in probiotics were obviously better than that in antibiotics group and control group.
INTRODUCTION
Changes in gastrointestinal (GI) tract physiology during the growth promoter was given and this may allow specific bacterial populations to take advantage of novel ecological niches, thereby altering the composition of the GI microbiota, in turn affecting intestinal homeostasis and function (Lesniewska et al., 2006) . As a kind of growth promoter, antibiotics, which make noteworthy effects in promoting animal growth and preventing diseases, had been added to animal feed for more than 50 years (Scheuermann, 1993) . But antibiotics have a disadvantage that cannot be overlooked: it can induce the antibiotics resistance in feed animals, which had been regarded to be associated with resistant infections in *Corresponding author. E-mail: tony@tust.edu.cn. Tel: +86 22 60600518. Fax: +86 22 60600518.
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humans (Swanson, 1997) . Therefore, development of novel growth promoter feed additive is urgently needed.
Probiotics have been regarded as one of the most promising alternative to antibiotic growth promoters. Probiotics are viable microorganism additives, which have many advantages for the health of host organism, such as producing benefits metabolites, repressing the growth of malignant bacteria, preventing the accumulation of toxic substances, stimulating immune system and amplification the specificity of cellular immune responses (Barnes et al., 1972) . Although the previous study has shown that the probiotics intake could improve the intestinal microecology (Barrow, 1992) , more details of such effects are still not very clear.
The application of in-feed antibiotic growth promoters in livestock diet threatens consumer health and has arisen into a controversial issue worldwide. Thus, this study was designed to investigate the impact of probiotic as growth promoter agents compared to antibiotic on the amount, structure and diversity of intestinal microflora of broiler chicken.
MATERIALS AND METHODS

Reagents
The probiotic additives, containing 1×10 10 cfu/g Bacillus subtilis BS7.29 and 9.3×10 10 cfu/g Lactobacillus acidophilus LB10.16, were obtained from Tai'an Shengliyuan Bioengineering Co., Ltd (Shandong Province, China), and added into the feeds at the dosage of 150 g/t. Flavomycoin, a commonly used antibiotic additive, was purchased from Shandong Hainuo Veterinary Pharmaceutical Co., Ltd, and used in the feeds at the concentration of 80 g/t.
Animals
Broilers 817 was divided into 3 groups and fed in nearby henhouses. Group I (2325 broilers) was the control group, group II (2198 broilers) was the probiotics group, and group III (2145 broilers) was the antibiotics group. After being fed for 15 and 35 days, same amount of tested broilers was chosen randomly from each group to be assayed for the following experiments. Except the growth promoter additives, the basic diets of broilers were shown in Table 1 .
Detection of ammonia and sulfured hydrogen in fecal emission
After administrated with the probiotics or antibiotics for 15 and 35 days, fresh feces of broilers were collected, and then packaged in glass bottles and cultured at 48°C. 100 mL gas was abstracted; NH3 was absorbed by 5 mmol/L H2SO4 solution and detected with Nessler's reagent. H2S was absorbed with 10 mmol/L iodine solution and tested with titration (Wathes et al., 1997) .
Intestinal microflora analysis
The intestinal microflora was analyzed by the pour plate method (van der Wielen et al., 2000) . In briefly, 5 g content or scraped substance of cecum was extracted from the broilers, and then poured into 95 mL sterilized saline water and kept shaking for 15 min with the glass beads. The mixture was diluted to 10 -7 , 10 -8 and 10 -9 folds and cultured at 37°C for 48 h. These plates with colonies ranging from 30 to 300 were chose to analyze the microflora.
Polymerase chain reaction-denaturing gradient gel electrophoresis (PCR-DGGE) analysis of intestinal microflora
The genomic DNA was extracted with the DNA extraction kit. 16s rDNA V3 region was amplified with primer HDA1 (5′-CGCCCGGGGCGCGCCCCGGGCGG GGCGGGGGCACGGGGGGACTCCTACGGGAGGCAGCAGT-3′) and HDA2 (5′-GTATTACCGCCTGCTGGCAC-3′) (Gon et al., 2007; Walter et al., 2001) . Polymerase chain reaction (PCR) was performed at 94°C for 1 min, then 35 cycles at 94°C for 50 s, 58°C for 30 s, 72°C for 1 min. Extension was carried out at 72°C for 5 min. PCR products were electrophoretically separated in 1% agarose gel, and the 200 bp DNA fragments were purified.
Then, the 16s rDNA fragments obtained were analyzed with DGGE gel electrophoresis. The gel gradient ranged from 30 to 60% Chen et al. 6613 and the direction of denaturation was accordant with that of electrophoresis. The 100% denaturized solution was constituted with 7 mol/L carbamide solution and 40% deionized formamide. The gel was stained with ethidium bromide and scanned with GelDoc-It Imagining system (UVP Ltd., Cambridge, UK). PCR-DGGE fingerprinting was statistical analyzed with quantity one software (Bio-Rad). The R-project (http://www.r-project.org/) was used to study the distribution and relative optical density of different electrophoretic band with ward method. Diversity index of bacteria was analyzed by BIO-DAP (http://nhsbig.inhs.uiuc.edu/wes/populations. html) according to the data of PCR-DGGE fingerprinting.
Statistical analysis
Data generated was subjected to statistical analysis using SPSS17.0, and then we compared the significant discrepancy using Duncan. The result were expressed with average ±standard deviation and the level of significance was accepted as p<0.05.
RESULTS
Effects on fecal emission of ammonia and sulfured hydrogen in broilers
As shown in Table 2 , the emission of ammonia of 15 days old broilers in probiotics group (p<0.05) was significantly lower than that in control group and antibiotics group, respectively. While the emission of ammonia of 35 days broilers in probiotics group (p<0.05) was 50.0 and 53.7% lower than that in control group and antibiotics group, respectively.
The fecal emission of hydrogen sulfide of broilers was also described. The emission of hydrogen sulfide of 15 days old broilers in probiotics group (p<0.05) was 30.8 and 26.6% lower than that in control group and antibiotics group, respectively. While the emission of ammonia of 35 days broilers in probiotics group (p<0.05) was 33.1 and 27.8% lower than that in control group and antibiotics group, respectively. Furthermore, we obviously felt that the ammonia smell in probiotics group was lighter than that in other groups. These results proved that probiotics decreased the emission of ammonia and hydrogen sulfide.
Effects on cecal microflora counts in broilers
The amount of aerobic bacteria and enterobacteria in cecum of 15 or 35 days old broilers was shown in Table  3 . It was indicated that the probiotics group significantly decreased the number of aerobic bacteria (p<0.05) and enterobacteria, and increased the amount of lactic acid bacteria (p<0.05). Whereas, the antibiotics group consistently demonstrated an opposite effects.
Data showed that antibiotics had no selection in inhibition or elimination of aerobic bacteria, entero- bacteria or lactobacillus. The ratio of lactobacilli and enterobacteria was increased according to priority in probiotics group, control group and antibiotics group. The ratio value of probiotics group was much higher than that of control group and antibiotics group, and differences between the control group and antibiotics group were relatively indistinct. The ratio of lactobacilli and enterobacteria was considered as indicators of intestinal health. High ratio of lactobacillus and enterobacteria signifies a good flora structure (Wang et al., 2010) . Evidently, probiotics brought about beneficial effects to intestinal of broilers. Although the amount of aerobic bacteria and enterobacteria were reduced by antibiotics, lactobacilli were greatly decreased too.
PCR-DGGE DNA fingerprinting of microflora in cecum of broilers
Structural variation analysis of microflora in cecum of broilers
PCR-DGGE DNA fingerprinting of the V 3 region gene of 16S rDNA of microflora in cecum of broilers was given in Figure 1 . Significant difference of intestinal microflora structure in the 3 groups was illustrated. Band a, e, f and h were present at all samples; band e, d, g were just existed in control group and probiotics group, band j was only consisted in the sample of 15 days old broilers; band i was appeared in probiotics group of 35 days old broilers and control group of 15 days old broilers; band b was aroused in control group of 35 days old broilers and all samples of probiotics group; band k was barely occurred in control group. According to the PCR-DGGE DNA fingerprinting results, the six samples were divided into two sections (as shown in Figure 2 ). Section I included: samples of 35 days old broilers of control group, samples of 15 and 35 days old broilers of probiotics group; section II contained: samples of 15 days old broilers of control group, samples of 15 and 35 days old broilers of antibiotics group. In section I, the structural similarity of control group and probiotics group was highest, whereas, in section II, the structural similarity of two antibiotics group was higher than them and control group.
Diversity analysis of cecal microflora
The Margalef index, Shannon index, Pielou index and Simpson index indicate the richness, diversity, uniformity and dominance of alimentary canal microflora of broilers (Amann et al., 1993) , data showed in Table 4 . The diversity index of bacterial community based on the PCR-DGGE DNA fingerprinting indicated that; (1) The Margalef index of 15 and 35 days old broilers in antibiotics group was 2.48, whereas the control group was 3.49 and probiotics group was 3.78. Therefore, the richness and diversity of control group and probiotics group was apparently higher than antibiotics group, while the dominance was obviously lower than antibiotics group. It was illustrated that the intestinal microflora of antibiotics group broilers was simple in structure and uncomplicated in species.
DISCUSSION
Growth promoters, which have dramatic functions in promoting animal growth and preventing diseases, had been played a vital role in poultry and livestock industry (Bedford, 2000) . Probiotics are "Live microorganisms which when administered in adequate amounts confer a health benefit on the host" (Fuller, 1989) . Probiotics can inhibit the growth of intestinal pathogens and reduce the effects of NH 3 and H 2 S by reducing the intestinal pH directly or indirectly. But it is remarkable that, in this study, although leading to reduction of intestinal lactic acid bacteria, antibiotics still played an effective role in decreasing the emission of NH 3 and H 2 S.
The intestinal microflora diversity of chicken was presented by PCR-DGGE fingerprints. It was indicated that antibiotics significantly reduced the richness and diversity of broiler intestinal microflora. Therefore, antibiotics may play a role of lowing fecal emission of NH 3 and H 2 S by inhibiting the growth of bacteria that producing NH 3 and H 2 S.
From the results of PCR-DGGE fingerprinting analysis of bacterial diversity (Figure 2 , Table 4), it was verified that both antibiotics and probiotics maintained stable influence on the structure of floras during the broiler growth period. The floras structure of control group of 15 days old broilers was similar to that of antibiotic group (including 15 and 35 days old). Whereas, the structure of control group of 35 days old broilers was more similar to that of probiotic group (including 15 and 35 days old). The main reason may be that probiotics enriched intestinal floras in the earlier growth period of broilers and the structure reached a stable stage, but antibiotics inhibited the intestinal flora in the later growth period that floras cannot be further enriched.
The results in this paper suggested that probiotics exerted beneficial on performance parameters of broiler chicks even in some periods superior to antibiotic. In addition, it was reported that probiotics supplement could improve immunity of animals (Midilli et al., 2008; Takeshi et al., 2007) . Therefore, it could be concluded that probiotics additives have the potential to be applied as effective substitutes for in-feed antibiotics. 
